In this study we wish to report the biosynthetic origins of p -C O and the effects of the ß-l,3-glucooligosaccharide elicitor on the activities of four enzymes which are associated with the formation of hydroxycinnamoyl amides in potato tuber tis sue. The results indicate that the activities of these enzymes in potato tuber tissues are regulated in a more complex manner than that occurs in suspen sion culture cells.
Materials and Methods

Plant material
All potato tubers (Solanum tuberosum cv. Eniwa) used in this study were stored at 4 °C for a minimum of 6 months following harvesting. The internal part of the tuber was cut into disks (8 mm diameter, 2 mm thick), and washed with water for 30 min. Washed disks were incubated at 18 °C in the dark under wet conditions for 24 h prior to treatment with an aqueous solution of laminarin.
Chemicals
Laminarin from
Laminaria digitata was purchased from SIGM A Chemical Co. Laminariheptaose was purchased from Seikagaku Co., JA PAN. Cycloheximide was purchased from Nacalai Tesque Co., JAPAN. 
Quantification o f phenolic amide compounds
10 (il of an aqueous laminarin solution (1.0 mg/ ml) was applied to potato tuber disks, followed by incubation for 24 h. Three disks were combined, weighed, and extracted with 2.5 ml of 2% acetic acid (aq.) at 100 °C for 10 min. These extracts were centrifuged at 3000 rpm for 10 min, followed by HPLC analysis of the supernatant (column: Wakosil 5C18, 4.6 x 150 mm, solvent: 40% metha nol in water containing 0.1% H3P 0 4, flow rate: 0.8 ml/min, detection: UV 310 nm). 
Enzym e assays
A 10 |xl aliquot of an aqueous laminarin solution (1.0 mg/ml) was applied to potato tuber disks which were then incubated for a specified time.
Phenylalanine ammonia lyase (P A L )
Three disks (about 0. 
Protein quantification
The protein content in the crude extract was de termined according to the methods of Bradford (1976) using bovine serum albumin as a standard.
Quantification o f cell deposited p-C O
Cell wall fractions of potato tuber disks were prepared as described Keller et al. (1996) . The cell wall fraction (a white powder) was suspended in 2.0 ml of 0.3 n sodium methoxide in 80% metha nol (aq.), and stirred continuously under N 2 for 2 h at 80 °C followed by 1 h at room temperature. The hydrolysate was acidified by the addition of 50 jil 85% H 3 PO4 (aq.) and centrifuged for 10 min at 3000 rpm. Following removal of the supernatant in vacuo, the residue was resuspended in 1 . 0 ml of water and extracted twice with 2 . 0 ml of diethyl ether. The extract was dried and redissolved in in the amount of these compounds were analyzed, in order to characterize the features of the elicitor response. As shown in Fig. 2 , the amounts of all four hydroxycinnamoyl amides were increased in laminarin treated tuber disks, reaching maximum levels after 24 h. N o induction of these amides was observed in control disks. Among these com pounds, the increase in the level of p -C O was greatest, with levels reaching 2 0 0 nmol/g tissue.
In co rp o ra tio n [2,3,4,5,6- 
In order to clarify the biosynthetic origins of p-CO which was most abundantly accumulated in the potato tuber tissue treated with elicitor as de-scribed above, the incorporation of L-phenylalanine and L-tyrosine was examined using stable-isotope labeled compounds.
Following treatment o f the potato tuber disk with the labeled compounds and a laminarin solu tion (1.0 mg/ml) for 20 h, the incorporation rates were analyzed by LC-API-MS. Table I shows 
Activation o f fou r enzym es responsible fo r p-C O biosynthesis by treatment with laminarin
The results of feeding experiments showed that p -CO accumulated in potato tuber tissue is synthe- Table I sized by the pathway shown in Fig. 3 . In this path way, phenylpropanoid-metabolism-related en zymes such as PAL and 4CL are involved in the synthesis of the /?-coumaroyl moiety, TyrDC for that of octpamine-moiety, and THT for the forma tion of amide bond. Thus, the effects of laminarin treatment on the activities of these biosynthetic related enzymes were examined. The time-dependent changes in each enzyme activity are shown in Fig. 4 . All enzyme activities in the control tissue increased to some extent in the absence of elicitor treatment. In particular, THT and 4CL activities were increased to 102.8 and 46.2 p katal / mg pro tein, respectively. Laminarin treatment caused an additional transient activation of these enzymes. While the maximal levels of THT and 4CL activi ties reached about twice those of control, the ac tivity of PAL was 3 times the control and that of TyrDC was 5 fold greater than control levels. Following maximal induction, all enzyme activities declined to control levels within 48 h after treat ment. CHX (10 ^ig/ml) inhibited the activation of PAL, THT and TyrDC in the laminarin-treated tuber disks, with the activities decreasing to that of con trol levels (Table II) 
Effects o f the elicitor concentration on enzym e activity
To investigate the effects of the elicitor concen tration on the enzyme activities, an aliquot of vari ous concentration of laminarin was treated on po tato tuber disks for 16 h and the activities of PAL, 4CL, THT and TyrDC were determined. The activities of these enzymes were increased in a dose dependent manner up to 1.0 mg/ml (Fig. 6) . Beyond this laminarin concentration, the activity of each enzyme reached a plateau and no increase was observed up to 10.0 mg/ml. These profiles were in good agreement with that observed for the relationship between the accumulated amount of p-C O in potato tuber disks and laminarin concen- 
L-tyrosine L-phenylalanine (S)-A/-p-coum aroyloctopam ine
Effects o f laminariheptaose
In order to verify that the ability of laminarin to activate these enzym es is due to the ß-l,3-glucooligosaccharide linkages, the effect of a chemicallypure glucooligosaccharide on enzyme activity was examined. Laminariheptaose (a ß-l,3-glucoheptasaccharide) was chosen as a model oligosacharide, because of its demonstrated ability to induce p-CO in potato tuber tissue (Miyagawa et al., 1998) .
The activities of PAL, 4CL, THT and TyrDC 16 h after treatment with laminariheptaose (3.0 mg/ml) are shown in Table III . All the examined enzymes were activated to levels higher than the control. However in all cases, enzyme levels induced by laminariheptaose were less than those induced by laminarin. These results are consistent with the in duction of p-C O in tuber disks by laminarihaptaose and laminarin, and the effects of these two saccharides on potato tuber tissue are likely to be essentially the same. Table III 
Deposition o f p-C O in cell wall
It has been proposed that phenolic amide com pounds are produced for deposition in the cell wall, in order to form physical barriers to the at tack by pathogens (Clarke, 1982; Facchini et al., 1999; Keller et al., 1996; Negrel et al., 1996). Thus, the amount of unextractable p-C O in cell walls was examined, in order to evaluate the exact activ ity of amide compounds biosynthesis. After the potato tuber tissue was thoroughly extracted by various solvents, the obtained cell wall fraction was hydrolyzed under alkaline conditions. The large amount of p-C O was recovered from the cell walls of laminarin treated tissue which reached levels as high as about 560 nmol/g tissue after 48 h (Table IV) . In contrast, only small amounts of p-CO were recovered from the control cell wall frac tion by the same procedure. This result indicates that neither soluble nor cell wall bound p -C O is hardly formed in the control tissues, so that almost Feeding experiments indicated that L-phenylala nine and L-tyrosine are precursors of p -CO biosyn thesis (Table I) . The results also showed that these precursors were separately incorporated into two components of p -C O, namely the p-coumaroyl and octopamine moieties. Since a /7-coumaroyl moiety is often found as a component of secondary m e tabolites of the plant phenylpropanoid pathway originating from L-phenylalanine, the octopamine moiety of p -CO is likely to be of L-tyrosine origin. It has been suggested that tyramine amides of hydroxycinnamic acids are synthesized from the same precursors (Villegas and Brodelius, 1990 ). On the basis of this information, we suggest pos sible pathways leading to p -C O biosynthesis (Fig. 3) . However, the issue whether p -CO is formed by direct condensation between octopam ine and the p-coum aroyl C oA thioester (left path way in Fig. 3 The treatment of potato tuber disks with an aqueous solution of laminarin caused an increase in enzyme activities related to the biosynthesis of hydroxycinnamoyl amide compounds, namely PAL, 4CL, THT and TyrDC (Fig. 4) . The results herein are consistent with findings of suspensioncultured potato cells (Schmidt et al., 1998) , in which the activation of these enzymes, except for 4CL, was demonstrated to occur as the result of treatment with an elicitor preparation from P. in festans. Treatment with laminariheptaose also caused a significant activation of these enzymes in tuber tissue (Table III) , indicating that the ß-1,3-glucosaccharide structure is an important factor for the elicitor activity. The observed activation by the oligosaccharide was thought to be the result of de novo protein biosynthesis, since it was strongly inhibited by CHX (Fig. 5, Table II) . A m ong the enzyme activities studied, those of PAL, 4CL, and THT were found to be elevated prior to elicitor treatment (Fig. 3A, B, C) which was probably due to the wounding of the tuber tissue, as the result of the preparation of sample disks (Negrel et al.,  1993) . However, the activation of these enzymes in control tissues resulted in negligible production of either the soluble or cell wall bound forms of hydroxycinnamoyl amides (Fig. 2, Table IV ), so that they appeared to be ''idling". By contrast, a significant level of activation of TyrDC in tuber tissue occurred only after treatment with lami narin (Fig. 3D) . Recent work has demonstrated that mRNA of THT is specifically accumulated in potato suspension culture cell treated with Pi elici tor. However, the time courses of the enzyme ac tivity in potato tuber tissue (Fig. 4) 
